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In the southern Benguela ecosystem off South Africa, there were recent shifts to the south
and east in the distributions of three forage resources (anchovy, sardine, rock lobster),
which probably were influenced by environmental change although fishing too may have
played a part. In this study, we review information on trends in distributions and numbers
of eight seabirds breeding in South Africa. For five species that feed predominantly on
anchovy, sardine or rock lobster, their populations off northwest South Africa decreased
markedly. For three of these species, which exhibit behavioral inertia and have restricted
foraging ranges when breeding (African penguin, Cape cormorant, bank cormorant), there
were large decreases in their overall populations in South Africa. Conversely, for two
showing more plasticity and able to range over wide areas or move between breeding
localities (Cape gannet, swift tern) there were increases. It is thought that movement of
forage resources away from the northern islands led to a mismatch in the distributions
of breeding localities and prey of dependent seabirds off western South Africa and to
attempts by several species to establish colonies on the southern mainland closer to
food resources. There also were shifts to the south and east in the distributions of three
seabirds that do not compete with fisheries for prey (crowned cormorant, white-breasted
cormorant, kelp gull), suggesting some environmental forcing, but decreases of these
species off northwest South Africa were less severe and populations in South Africa
remained stable or increased in the long term. It is likely, because many fishing plants
are located in the northwest, that there was increased competition between seabirds and
fisheries for prey as forage resources moved south and east. Potential interventions to
mitigate the adverse impacts of distributional changes for seabirds include allocations of
allowable catches of shared forage resources at regional levels, closures to fishing around
impacted seabird colonies and establishment of new colonies nearer to the present
location of food.
Keywords: behavioral inertia, Benguela ecosystem, competition with fisheries, distributional change,
environmental forcing, forage resources, mainland breeding, seabirds
INTRODUCTION
Marine ecosystems are being affected by climate change world-
wide. Often such change is pronounced at high latitudes, where
its impact on associated fauna is readily apparent. For exam-
ple, reductions in stable old ice, increases in unconsolidated ice
and lengthening of the melt season in the Arctic Ocean have
reduced the availability and quality of denning habitat in pack
ice for polar bears (Ursus maritimus) and caused an increase of
bears denning in coastal habitat, thereby altering their distribu-
tion (Fischbach et al., 2007). In the West Antarctic Peninsula,
there have been poleward shifts in ice extent and local declines
of ice-dependent Adélie penguins (Pygoscelis adeliae) (Trivelpiece
et al., 2011; Lynch et al., 2012), which contrast with increases
and a southward range extension of Gentoo penguins (P. papua)
that do not depend on ice (Lynch, 2013). At lower latitudes
changes in distributions of marine fauna also may be pronounced
(Cheung et al., 2009), but sometimes the reasons for these and
altered population trends are not as clearly understood. Thus,
eight potential causes were postulated for circumpolar decreases
of sub-Antarctic rockhopper penguins (Eudyptes chrysocome and
E. moseleyi) (BirdLife International, 2010).
Off South Africa, in the southern Benguela ecosystem there
have been recent changes in the distributions and population sizes
of several animals, including seabirds (e.g., Whittington, 2004;
Crawford et al., 2007, 2014b; Kirkman et al., 2012; Crawford,
2013) and three forage species that are important prey for
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seabirds: anchovy (Engraulis encrasicolus), sardine (Sardinops
sagax) and rock lobster (Jasus lalandii) (van der Lingen et al.,
2006; Blamey et al., 2015). From 1984 to 1995 most (61 ± 21%
by mass standard deviation) spawning anchovy were located west
of Cape Agulhas (Figure 1), whereas from 1996 to 2005 this pro-
portion halved to 31 ± 11% (information in Roy et al., 2007).
From 1994 to 1998 most (74 ± 17% by mass) spawning sardine
were west of Cape Agulhas, but this decreased by two-thirds to 26
± 12% from 1999 to 2007 (information in Coetzee et al., 2008).
Catches of sardine similarly showed a marked shift to the south
and east; their center of gravity was near Dassen Island in 1997 but
off Mossel Bay, east of Cape Agulhas, in 2005 (Fairweather et al.,
2006; Figure 1). During the 1990s there also was a notable change
in the proportions of South African catches of rock lobster taken
to the north and south of Dassen Island (Figure 1). Before the
1990smost of the catch was taken to the north, subsequently most
was taken to the south with this proportion attaining 70% by 2010
(Blamey et al., 2012). The changed distribution of catches of rock
lobster reflects an altered distribution of the species and an east-
ward expansion of its range to the Stony Point region (Figure 1A)
and beyond (Tarr et al., 1992; Cockcroft and MacKenzie, 1997;
Cockcroft et al., 2008).
There is accumulating evidence that an altered environment,
possibly driven by climate change, is driving these changes (e.g.,
Gammelsrød et al., 1998; Roy et al., 2007; Cockcroft et al., 2008).
However, ultimate causes of environmental change remain dif-
ficult to attribute, and it is unknown to what extent it may
be reversible (Hutchings et al., 2009; Moloney et al., 2013).
Furthermore, it is frequently difficult to disentangle the influence
of the environment from anthropogenic impacts, such as fishing
(e.g., Coetzee et al., 2008). However, in the Benguela ecosys-
tem several studies have demonstrated relationships between the
abundance of prey and numbers of breeding seabirds or their
demographic parameters, such as breeding success and survival
(e.g., Crawford et al., 2006, 2007, 2011; Crawford, 2007; Sabarros
et al., 2012; Sherley et al., 2013, 2014). Therefore, it may be
expected that factors influencing the distribution of prey species,
and hence its regional availability, will impact on seabirds.
In the South African situation, African penguin (Spheniscus
demersus), Cape gannet (Morus capensis), Cape cormorant
FIGURE 1 | Map of South Africa showing several of the important seabird breeding localities (amended from Crawford et al., 2014b). Boundaries of
the five South African regions considered in this study are indicated.
Frontiers in Ecology and Evolution | Interdisciplinary Climate Studies February 2015 | Volume 3 | Article 10 | 2
Crawford et al. Changing distribution of seabirds in South Africa
(Phalacrocorax capensis), bank cormorant (P. neglectus) and swift
tern (Thalasseus bergii) compete with fisheries for food, whereas
other seabirds, including white-breasted cormorant (P. lucidus),
crowned cormorant (Microcarbo coronatus) and kelp gull (Larus
dominicanus), show little or no such competition (Hockey et al.,
2005). A comparison of these two groups of seabirds may pro-
vide insight into the relative importance of factors driving change
in their distributions and populations (Crawford et al., 2008d).
Therefore, in this paper we review published and unpublished
information on recent change in the distributions and population
sizes of these eight seabirds, similarities and differences in their
responses to recent environmental change, possible causes of dif-
ferent responses and potential means to mitigate adverse impacts
of change.
METHODS
Good information is available for two or three periods between
the mid-1970s and the mid-2010s (late 1970s/early 1980s, late
1990s/early 2000s, late 2000s/early 2010s) on the numbers of
the above-mentioned eight species of seabird breeding in South
Africa and their distributions (see Table 1 for sources of data).
The information for white-breasted cormorant, which is some-
times considered a race of the great cormorant P. carbo (BirdLife
International, 2014), refers only to that portion of the South
African population that breeds on the coast and excludes the
KwaZulu-Natal coast in the east of the country. Except for
white-breasted cormorant, each of the eight seabirds is endemic
to the Benguela upwelling system off southwest Africa, although
for swift tern and kelp gull only at a sub-specific level (Crawford,
2013). For all species, the counts or estimates of numbers breed-
ing in each period were made using similar methods to those
employed in the first period.
For African penguins, numbers of nests in use were counted.
A nest was considered to be in use if it contained fresh eggs or
chicks, if it was defended by a non-molting adult bird or, because
breeding by African penguins is not always synchronous, if it
showed recent signs of use, e.g., through the presence of sub-
stantial quantities of fresh guano or nesting material (Crawford
et al., 2011). Numbers of chicks in crèches were divided by two,
the usual clutch size, to estimate the number of nest sites they
represented, with remainders taken to represent an additional
site, e.g., crèches of five and six chicks would both be taken to
represent three nests (Shelton et al., 1984). As is the case for cor-
morants (see below), because not all eggs hatch and broods may
be reduced (e.g., Sherley et al., 2012a), this is likely to under-
estimate the actual number of nests represented by chicks in
crèches and hence lead to a conservative estimate of the over-
all number of birds breeding. Furthermore, brood reduction
may vary depending on conditions during breeding. However,
the contribution of nests assumed from counts of chicks in
crèches to the overall estimate of numbers breeding was small
(<10%, usually<5%).
Table 1 | Overall numbers of eight seabirds breeding coastally in South Africa’s Northern, Western and Eastern Cape provinces during the late
1970s/early 1980s, late 1990s/early 2000s and late 2000s/early 2010s (sources of information are indicated).
Species Period of count Number breeding Source
(1000 pairs)
African penguin 1978–1979 55.2 Shelton et al., 1984
2000 48.6 Underhill et al., 2006; Crawford
et al., 2009b
2013 17.3 Crawford et al., 2011, 2014b
Cape gannet 1978 78.8 Crawford et al., 1983
2001 145.5 Crawford et al., 2007
2013 101.6 Crawford et al., 2014b
Cape cormorant 1977–1981 106.5 Cooper et al., 1982
2009–2013 65.8 Supplementary Material
Bank cormorant 1978–1980 1.5 Cooper, 1981; Crawford et al., 1999
1995–1997 1.2 Crawford et al., 1999
2011–2013 0.8 Supplementary Material
White-breasted cormorant 1977–1981 1.1 Brooke et al., 1982
2008–2012 1.3 Crawford et al., 2013b
Crowned cormorant 1977–1981 1.7 Crawford et al., 1982b
2008–2012 1.9 Crawford et al., 2012
Swift tern 1984 4.7 Cooper et al., 1990
2000 6.3 Crawford, 2009
2013 10.1 Crawford et al., 2014b
Kelp gull 1976–1981 10.1 Crawford et al., 1982a
1999–2004 20.5 Whittington et al., in press
2008–2013 17.4 Whittington et al., in press
No comparative information for the intermediate period is available for Cape, white-breasted or crowned cormorants.
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For Cape gannets, numbers breeding at colonies were esti-
mated from the product of the area occupied by breeding birds
and the mean density of nests (Crawford et al., 2007). The extent
of the area occupied by breeders was measured on aerial pho-
tographs, taken vertically, using an Ibas interactive image-analysis
system, or by walking around the colony with a Global Positioning
System (GPS) (Crawford et al., 2007, 2014b). Measurements of
the densities of nests at colonies were undertaken toward the end
of the breeding season by placing four poles, each 2m long, on the
surface of the ground, so as to form a square of 4m2. The numbers
of whole nests and part nests within the square were counted. The
overall number of nests in the square was taken to be the number
of whole nests plus half the number of part nests (Crawford et al.,
2007).
For the four species of cormorant, counts were made of
active nest sites, which were defined as paired birds defending
a site, sites showing evidence of recent nest-construction, and
nests with eggs, chicks or adults. When unattended chicks were
found in crèches away from nests, their number was divided
by the approximate mean clutch size of the species (two for
bank cormorant, three for the other cormorants) to estimate the
number of nest sites they represented, because nests at which
these chicks were reared would not have been counted (Crawford
et al., 2008a, 2012, 2013b, 2014b). Remainders were taken to
represent further sites. For Cape, white-breasted and crowned
cormorants, the highest count at each breeding colony during
a 5-year period was taken and the selected counts were then
summed to produce the total count for the period. The same
process was carried out for bank cormorants but for periods of
3 years. This was done because not all colonies are visited each
year and some only sporadically (Cooper, 1981; Cooper et al.,
1982; Crawford et al., 1999). Cape and bank cormorants often
show strong fidelity to breeding sites, whereas fidelity of white-
breasted and crowned cormorants to sites is weaker (Crawford
et al., 1994). This may lead to inflated estimates of numbers of the
latter two species but under-counting at colonies also may occur.
These biases are discussed more fully in Crawford et al. (2012,
2013b).
For swift terns, numbers of birds incubating eggs or with small
chicks were counted with the aid of tally counters and binocu-
lars. Large colonies were divided into smaller portions to facilitate
counting (Cooper et al., 1990). Counts of chicks unattended by
parents were added to those of breeding birds to estimate the
number of pairs breeding, the mean size of swift tern clutches
in southern Africa being approximately one (Crawford et al.,
2002).
Counts of breeding kelp gulls were made from vantage points
using binoculars after gulls had settled at nests, or by walking
tightly spaced grids and marking nests (Crawford et al., 1982a;
Whittington et al., 2006, in press). Counts took place during the
breeding season and at the main colonies they were usually con-
ducted from late October–early November, when birds at most
nests were incubating eggs (Crawford et al., 1982a). Kelp gulls
incubating eggs are generally easier to count than those that have
yet to lay or are guarding chicks, because they remain longer at
nests and soon settle at nests after being disturbed. Chicks are able
to leave nests shortly after hatching and their cryptic plumage and
behavior makes them easy to overlook (Crawford et al., 1982a).
Therefore, recently used nests of kelp gulls also were counted.
Based on information in the indicated references, during peri-
ods of relative stability of populations the coefficients of variation
for annual estimates of overall numbers of birds breeding at well-
monitored colonies were 0.16 (n = 8) for African penguin, 0.10
(n = 12) for Cape gannet, 0.14 (n = 21) for Cape cormorant,
0.32 (n = 14) for swift tern (Crawford et al., 2014b), 0.07 (n =
13) for bank cormorant (Crawford et al., 2008a), 0.15 (n = 17)
for white-breasted cormorant (Crawford et al., 2013b), 0.11 (n =
14) for crowned cormorant (Crawford et al., 2012) and 0.06
(n = 5) for kelp gull (Crawford et al., 2009a).
In order to examine changes in the distributions of breeding
by the eight seabirds since the late 1970s/1980s, the eastern and
southern coasts of South Africa were divided into five regions
and the numbers of each seabird breeding in each region were
plotted for periods for which information was available. The five
regions were the same as those used by Crawford et al. (2013b)
and similar to those used by Whittington et al. (in press), viz.
the Northern Cape, the north, southwest and east sectors of
the Western Cape and the Eastern Cape (Figure 1). In South
Africa, seven of the eight species considered breed exclusively in
these regions (Hockey et al., 2005). The white-breasted cormorant
breeds too in KwaZulu-Natal, but numbers breeding coastally in
that province are only available for 2008–2012 (Crawford et al.,
2013b).
Following Whittington et al. (in press), changes between peri-
ods were also examined in the proportions of the eight seabirds
breeding at maritime islands (including rocks and stacks sur-
rounded by the ocean) and on the mainland (including islands in
salt-works and estuaries) as seabirds on the mainland are subject
to additional threats, such as predation by mainland carnivores
(e.g., Crawford et al., 2011). Two sites that were formerly islands
but subsequently joined to the mainland (Bird Island at Lambert’s
Bay in 1959 and Marcus Island in 1976) were considered main-
land sites because the earliest counts considered here commenced
in 1976.
Differences in numbers of seabirds nesting in the five geo-
graphical regions of the South African coastline and at maritime
islands and on the mainland during the three periods considered
(late 1970s/early 1980s, late 1990s/early 2000s, late 2000s/early
2010s) were investigated using the χ²-test. In order to control for
multiple testing, a false discovery rate adjustment was made to
the probabilities (Pi) obtained for species i for both the regional
and island vs. mainland comparisons. Species were ranked in the
order of ascending probability values and Pi were deemed signifi-
cant at the 5% level (q = 0.05) for all Pi ≤ (i/N).(q/c(N)), where
N = 8 and c(N) is the sum from i = 1 to N of 1/i (Benjamini and
Yekutieli, 2001).
RESULTS
Numbers of African penguins, Cape cormorants and bank cor-
morants in South Africa all showed a substantial decline from
the late 1970s/early 1980s to the late 2000s/early 2010s (Table 1).
There were large decreases in African penguins around South
Africa, but the decrease in the Eastern Cape was proportionally
less than in the Western Cape so that in 2013 it held marginally
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more penguins than the Western Cape (Figure 2). Most of the
South African population of Cape cormorants breeds in the north
and southwest sectors of the Western Cape, with <1300 pairs
breeding in any other region (Supplementary Material). Between
1977 and 1981 and 2009 and 2013 there was a large decrease in
numbers in the north Western Cape and a slight increase in the
southwest of this province (Figure 2). New colonies were formed
in the southwest Western Cape at Robben Island in 2004 and
Stony Point in 2010 and in the east Western Cape at Knysna
Heads in 2008 and all had subsequent rapid growth. In South
Africa, numbers of bank cormorants decreased throughout the
species’ breeding range (Figure 2), which is west of Cape Agulhas
(Cooper, 1981). The proportion of bank cormorants breeding in
the southwest Western Cape increased from 41 to 43% during the
1900s to 48% from 2011 to 2013.
The overall populations of crowned and white-breasted cor-
morants breeding around the west and south coasts of South
Africa (Northern, Western and Eastern Cape provinces) were sta-
ble between 1977 and 1981 and 2008 and 2012 (Table 1). For
both species, there were decreases in numbers breeding in all
three regions west of Cape Agulhas, except for a large increase of
crowned cormorants in the north Western Cape (Figure 2). Up
until 1982, crowned cormorants were only known to breed west
of Cape Agulhas, but in 2003 they extended breeding to the east
sector of the Western Cape, where numbers increased from four
pairs in 2003 to 33 pairs in 2012 (Whittington, 2004; Crawford
FIGURE 2 | Numbers of eight seabird species breeding coastally in five regions of South Africa’s west and south coasts in different periods in which
entire populations were estimated.
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et al., 2012). East of Cape Agulhas numbers of white-breasted cor-
morants breeding coastally increased between 1977 and 1981 and
2008 and 2012 (Figure 2; Crawford et al., 2013b).
The number of Cape gannets in South Africa increased
between 1978 and 2001 but decreased in 2013 (Table 1). The
species breeds at only three islands in South Africa, two of which
are in the north Western Cape and the third in the Eastern
Cape. Numbers increased in both regions between 1978 and
2001, but then decreased in the Western Cape (Figure 2). Swift
terns increased rapidly in South Africa in the present century,
with numbers more than doubling to peak at 14,000–16,000
pairs between 2008 and 2011 (Crawford et al., 2014b); then
about 10,100 pairs bred in 2013 (Table 1). After 2005, numbers
in the north Western Cape decreased markedly and most birds
now breed in the southwest sector of this province (Figure 2).
The South African population of kelp gulls more than doubled
between 1976 and 1981 and the turn of the 21st century but have
since fallen again (Table 1). After the turn of the century, num-
bers decreased in the northWestern Cape but increased in each of
the three regions farther south and east (Figure 2).
Between the three periods there were significant changes in
the regional distributions of all eight seabird species (Table 2).
After the late 1970s/early1980s, there were significant changes
in numbers of seven seabirds breeding at maritime islands and
on the mainland, the exception being white-breasted cormorants
(Table 2). The proportions of birds breeding on the mainland
increased for African penguin, bank cormorant, crowned cor-
morant and kelp gull and decreased for Cape gannet, Cape
cormorant and swift tern (Figure 3).
DISCUSSION
Four of the seabirds considered in this paper (African penguin,
Cape gannet, Cape cormorant, and swift tern) compete with the
South African purse-seine fishery for anchovy and sardine, their
main prey items (e.g., Crawford and Dyer, 1995). In South Africa,
a fifth seabird (bank cormorant) feeds mainly on rock lobster,
which is also targeted by a commercial fishery (Hockey et al.,
2005; Cockcroft et al., 2008). Crowned cormorants eat mostly
small, inshore fish species, notably Clinidae, that are not har-
vested by humans and do not contribute to the diets of fish that
are (Crawford et al., 2012). White-breasted cormorants and kelp
gulls are opportunistic feeders that do not compete substantially
with fisheries for food and whose key prey species are not impor-
tant dietary items for the main fish species harvested by humans
(Crawford et al., 1987, 1991, 2013b; Steele, 1992; Whittington
et al., 2006). Therefore, the prey of white-breasted and crowned
cormorants and kelp gulls will not have been severely impacted
by fisheries or have increased substantially as a result of fishing
activities.
Off South Africa, the distributions of anchovy, sardine and
rock lobster shifted south and east during the 1990s and early
2000s (Blamey et al., 2015). Similarly, for each of the four seabirds
that feed mainly on anchovy and sardine, there were large recent
decreases in the proportions of birds breeding off northwest
South Africa (Northern Cape and north Western Cape) in the
1990s and/or 2000s (Figure 2; Crawford et al., 2014b). The pro-
portion of bank cormorants breeding off northwest South Africa
also decreased, but only by ca. 6%.
The causes of the altered distributions of anchovy, sardine and
rock lobster off South Africa are not fully understood. The east-
ward shift of anchovy spawners was attributed to improved condi-
tions for spawning by this species to the east of Cape Agulhas (Roy
et al., 2007). Differential growth and exploitation of sub-stocks of
sardine occurring east and west of Cape Agulhas may have caused
the shift in the distribution of this species, but environmentally
mediated changes cannot be discarded (Cockcroft et al., 2008;
Coetzee et al., 2008). The shift in the distribution of rock lobsters
in the 1990s coincided with a decrease in lobster somatic growth
rates and a major increase in the number and severity of lobster
walkouts induced by low oxygen concentrations to the north of
Dassen Island, indicating some underlying environmental cause
(Cockcroft, 2001; Cockcroft et al., 2008).
Recent eastward extensions in the breeding ranges of two
seabirds that are inshore feeders and do not compete with fish-
eries for food, crowned cormorant and Hartlaub’s gull (L. hart-
laubii), suggest some change in the environment (Whittington,
Table 2 | Results of χ²-tests used to examine the significance of changes in numbers of seabirds breeding in different regions and at maritime
islands as opposed to the mainland.
Change in numbers breeding in Change in numbers breeding on
different regions maritime islands vs. the mainland
χ² df P < 0.05 χ² df P < 0.05
African penguin 8319 4 Yes 6071 2 Yes
Cape gannet 100354 2 Yes 101778 2 Yes
Cape cormorant 13002 4 Yes 10755 1 Yes
Bank cormorant 16 4 Yes 14 2 Yes
Crowned cormorant 351 3 Yes 14632 1 Yes
White-breasted cormorant 222 4 Yes 5 1 No
Swift tern 26521 4 Yes 10209 2 Yes
Kelp gull 730753 8 Yes 1846 2 Yes
For each comparison, it is indicated whether or not differences in numbers breeding in different regions/habitats were significant at the 5% level after undertaking a
false discovery rate adjustment.
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FIGURE 3 | Proportions of eight seabirds breeding on South Africa’s mainland, as opposed to its maritime islands, during 1977–1984, 1995–2004, and
2008–2013.
2004; Crawford et al., 2008d), as do the anti-clockwise shifts to
the south and east around the South African coast in the propor-
tions of the three seabirds considered here that do not compete
substantially with fisheries for prey (Figure 2; Crawford et al.,
2013b; Whittington et al., in press). Kelp gulls may scavenge from
fishing boats (Whittington et al., 2006), but the food of crowned
cormorants, mainly small fish that occur inter-tidally or inshore
sub-tidally (Crawford et al., 2012), and of white-breasted cor-
morants, mainly inshore and estuarine fish species (Crawford
et al., 2013b), is unlikely to be influenced by commercial fishing
activities. Although other factors, such as disturbance and preda-
tion, may have influenced decreases of white-breasted cormorants
and kelp gulls off northwest South Africa (Crawford et al., 2013b;
Whittington et al., in press), there was a concurrent extension in
the range of the cool-water, kelp-bed forming seaweed Ecklonia
maxima to the east of Cape Agulhas (Bolton et al., 2012) suggest-
ing a cooling of the environment in the vicinity of Cape Agulhas.
Prior to this extension, the breeding range of bank cormorants
was broadly related to that of E. maxima (Cooper, 1981).
Amongst the seabirds that compete with South Africa’s purse-
seine fishery for anchovy and sardine there was a varied response
to the altered distributions of these forage species. Populations of
Cape gannets and swift terns showed marked increases, whereas
those of African penguins and Cape cormorants decreased by
more than 50% and ca. 40%, respectively (Table 1). The success
of gannets is attributable to a large increase in its easternmost
colony at Bird Island in Algoa Bay, which may have been aided
by immigration of first-time breeders from decreasing western
colonies (Crawford et al., 2007, 2014b). Swift terns are nomadic
between breeding colonies, which gives them the ability to adapt
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to an altered distribution of their prey (Crawford et al., 2002),
and they likely had good breeding success in the 2000s (Crawford,
2009). By contrast, marine top predators that exhibit behavioral
inertia are at greater risk from environmental change (Pichegru
et al., 2010b). Breeding African penguins show high fidelity to
their partners and hence to breeding localities (Randall, 1989;
Crawford et al., 1995). Although Cape cormorants may move
between breeding localities (Crawford et al., 1994), they also show
fidelity to natal and nest sites (Berry, 1977; Hockey et al., 2005).
Both African penguins and Cape cormorants have a restricted
foraging range when breeding (e.g., Heath and Randall, 1989;
Pichegru et al., 2010a; Hamann et al., 2012) and they suffered high
adult mortality in the 1990s and 2000s in periods of prey scarcity
off western South Africa (Crawford et al., 1992, 2011; Waller and
Underhill, 2007; Sherley et al., 2014). Cape gannets have a much
greater foraging range during breeding (Lewis et al., 2006) and
supplement their diet by feeding on offal discarded by fisheries
when their natural prey is scarce, thereby buffering adult survival
(e.g., Berruti et al., 1993; Pichegru et al., 2007; Grémillet et al.,
2008; Distiller et al., 2012; Crawford et al., 2014b).
Bank cormorants, which compete with the rock lobster fishery,
may move short distances between breeding localities (Crawford
et al., 1999) but are relatively sedentary, the maximum recorded
movement of birds older than 1 year being 168 km (Cooper,
1981). They are benthic feeders that in Namibia foraged up to
9 km from a breeding locality in waters less than 50m deep
(Ludynia et al., 2010). Although rock lobsters have not shifted
their distribution to the same extent as anchovy and sardine, their
reduced populations off northwest South Africa appear to have
been insufficient to support formerly large colonies of bank cor-
morants in this region (Crawford et al., 2008a). Recent nest fail-
ures for bank cormorants at Robben Island were related to wave
heights and air temperature, with chick survival being reduced
in years when major storm events occurred during breeding and
destroyed nests (Sherley et al., 2012b).
The considerably better recent performance off western South
Africa of the two cormorants that do not compete with fisheries
for prey than the two that do and the African penguin (Figure 2)
highlights the possibility that fishing substantially reduced prey
availability off northwest South Africa following displacement of
the three forage resources to the south and east. Unfortunately
for the affected seabirds, many fish processing plants were located
off northwest South Africa and fishers continued to seek fish near
to their factories. This may have exacerbated the local depletion
of prey (e.g., Crawford et al., 2008c; Durant et al., 2010). The
exploitation rate of sardine west of Cape Agulhas showed a sub-
stantial increase in the mid-2000s (Coetzee et al., 2008). Off Peru,
local depletion of anchovy (E. ringens) by fishing had a negative
impact on foraging parameters of Peruvian boobies (Sula varie-
gata) that competed with the fishery for food (Bertrand et al.,
2012).
Equally unfortunately for the affected seabirds, the displace-
ment of forage resources to the south and east brought about a
mismatch in the distributions of the breeding localities and prey
of the seabirds (Crawford et al., 2008c). There are no large islands
at which seabirds may breed between Robben and Dyer islands off
southwest South Africa and then a distance of about 600 km to
the seabird islands in Algoa Bay (Figure 1). Consequently, several
seabirds, including African penguin and bank cormorant, appear
to have attempted to offset the mismatch of colonies and food by
breeding in increasing proportions on the mainland (Figure 3).
The decreases in the number of Cape gannets, Cape cormorants
and swift terns breeding on the mainland is mainly attributable
to decreases in numbers at the two islands in the north Western
Cape that were joined to the mainland and hence assumed to be
part of themainland—Cape gannets and Cape cormorants at Bird
Island (Lambert’s Bay) and swift terns at Marcus Island (Table 1;
Crawford et al., 2007; Crawford, 2009). However, substantial
numbers of Cape cormorants have joined African penguins and
bank cormorants in breeding at the southern mainland locality
of Stony Point and they formed a new colony at Knysna Heads
(Supplementary Material; Crawford et al., 2011).
A better understanding of the mechanisms driving seabird
populations in South Africa will result from development of inte-
grated population models that account for movement between
colonies (e.g., Sherley et al., 2014) and of models that account
for multiple factors that may be influencing populations. The for-
mer are hampered to some extent by insufficient mark-recapture
information properly to estimate survival and rates of migra-
tion between regions for some species and age classes of birds
(e.g., Distiller et al., 2012). Progress has been made on develop-
ing a systems dynamics approach to modeling multiple drivers
of African penguin populations that uses expert opinion in the
absence of quantitative information (e.g., Ludynia et al., 2014;
Weller et al., 2014). Developing new technology, e.g., remotely
operated drones, may prove useful in obtaining more frequent
information on numbers of seabirds breeding at localities that
are difficult to access and hence reducing the uncertainty of
population estimates.
Potential mechanisms to mitigate the adverse impacts of
environmental change on seabirds off South Africa are imple-
mentation of spatial management for fisheries of shared forage
resources, including both allocations of catch limits at a regional
scale and localized closures to fishing around impacted seabird
colonies (e.g., Durant et al., 2010; Pichegru et al., 2010a, 2012),
and offsetting the present mismatch of breeding localities and
food through establishing new seabird colonies nearer the present
location of food (e.g., Department of Environmental Affairs,
2013). Penguins attempted to form a new colony on the southern
mainland east of Cape Agulhas between 2003 and 2007 but were
prevented from doing so by indigenous carnivores (Crawford
et al., 2011), whereas at Knysna Heads Cape cormorants were
more successful (Supplementary Material). Given the known fre-
quency of formation of new colonies by different species and their
use of man-made structures and habitats for breeding, estab-
lishment of new colonies may be easier for cormorants, gulls
and terns (Supplementary Material; Crawford, 2009; Crawford
et al., 2012, 2013b; Whittington et al., in press) than for penguins
(Crawford et al., 2013a) and especially gannets (Crawford et al.,
1983).
With regard to the Cape gannet, it is noteworthy that there
has been a long-term redistribution to the south and east of
its breeding population. Whereas 80% of Cape gannets bred in
Namibia in the 1950s and 1960s, at present about 90% breed
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in South Africa (Crawford et al., 2007, 2014b). Within South
Africa, the proportion breeding in the Eastern Cape, which now
supports about 70% of the global population (Crawford et al.,
2014b), has increased. As Algoa Bay is at the eastern extrem-
ity of the greater Benguela upwelling region, juxtaposed to the
warm, south-west flowing Agulhas Current (Hutchings et al.,
2009), which is likely to be unsuitable habitat for the gannets,
there appears to be no further opportunity for the species to
expand its range to the east. Similar difficulties in adjusting distri-
butions to an altered environment can be expected, for example,
for less mobile seabirds such as Crozet shags (Phalacrocorax [atri-
ceps]melanogenis) and Gentoo penguins, and perhaps even more
wide-ranging species such as rockhopper penguins, at the well-
separated archipelagos of the sub-Antarctic (e.g., Crawford et al.,
2008b, 2014a; Allan et al., 2013). In such instances, human inter-
ventions to mitigate adverse impacts of climate change will not
prove easy and may best be directed at attempting to maintain
the substantially reduced abundances of seabirds that have sur-
vived changes to date. Certainly conservation planning will be
aided by a better understanding of the ultimate causes of the
distributional changes.
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